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Feasibility and benefits of exercise training in patients on maintenance
dialysis. Fourteen of 174 patients receiving maintenance dialysis volun-
teered to participate in a 12-week exercise conditioning program. Seven
patients attended more than 50% (range, 55 to 75%) of the sessions held
three times each week. These seven patients achieved a 42% (P < 0.05)
improvement in work capacity as assessed by maximal oxygen con-
sumption during treadmill testing. No changes occurred in psychologic
functioning, blood pressure control, hematocrit, or left ventricular
ejection fraction. Seven patients attended fewer than half of the
sessions (range, I to 38%) and did not demonstrate improved exercise
capacity. Psychologic testing at entry revealed that those who did not
attend regularly had higher scores for hostility, anxiety, and depression
as compared to those patients who completed the program. No other
clinical variables distinguished those who had good attendance records
from those who did not. We conclude that exercise conditioning can
improve physical work capacity in patients with chronic renal failure
who are receiving maintenance dialysis treatment. Despite this poten-
tial benefit, the impact of exercise conditioning programs such as this
may be limited because only a small portion of patients on maintenance
dialysis are able or willing to participate to an extent sufficient to induce
physiological changes.
La possibilité et les avantages du entrainement a l'exercice chez les
malades en dialyse chronique. Quatorze parmi 174 malades en dialyse
chronique ont éte volontaires pour participer a un programme de
conditionnement a l'exercice durant 12 semaines. Sept malades ont
assisté a plus de 50% (de 55 a 75 %) des seances tri-hebdomadaires. Ces
sept malades sont parvenus a une amelioration de 42% (P < 0.05) de Ia
capacite de travail, mesurée par Ia consommation maximale en oxygène
lors d'un test par un exercice penible. Aucune modification ne s'est
produite dans les fonctions psychologiques, le contrôle tensionnel,
l'hématocrite, ni La fraction d'éjection ventriculaire gauche. Sept ma-
lades ont assisté a moms de Ia moitié des seances (de I a 38%) et n'ont
pas montré d'amélioration de leur capacité d'exercice. Les tests
psychologiques faits a l'entrée ont révClé que ceux qui n'avaient pas
regulierement participé avaient des scores d'hostilitC, d'anxiété, et de
depression plus élevés que ceux des malades ayant achevé Ic pro-
gramme. Aucune autre variable clinique ne distinguait ceux qui avaient
une bonne assiduité de ceux qui n'en avaient pas. Nous concluons que
Ic conditionnement a l'exercice peut améliorer Ia capacité de travail
physique chez les malades en insuffisance rénale chronique traités par
hémodialyse pCriodique. Malgré ce bénéfice potentiel. l'impact des
programmes de conditionnement a l'exercice tels que celui-ci pourrait
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étre limité car seute une faible partie des malades en hemodialyse
chronique peut ou veut participer de facon suffisante pour induire des
modifications physiologiques.
Maintenance dialysis treatment promotes extended survival
of patients with endstage renal disease; however, it is less
effective in providing occupational and physical rehabilitation.
A recent survey of 2481 patients on maintenance dialysis in the
United States indicated that only 60% of nondiabetic patients
and 23% of diabetic patients were performing at a level of
physical activity beyond that of self-care [I]. The factors that
may contribute to this debilitation are apt to be complex and
variable but may include concurrent cardiovascular disorders
[2—4], anemia, depression [5], and other disorders that are not
corrected by repetitive dialysis treatments.
In normal individuals and patients with cardiovascular dis-
ease, exercise training enhances work performance, reduces
cardiovascular risk factors, and improves psychological well-
being [6—10]. Furthermore, recent studies suggest that aerobic
exercise may be useful in modifying the morbidity and behavior
of some patients with endstage renal disease [Il, 121. The
present study was designed to examine some of the physiologi-
cal and psychological responses to 12 weeks of exercise training
provided to patients on maintenance dialysis.
Methods
Patients. At the initiation of the study, 174 patients were
receiving maintenance dialysis at Duke University Medical
Center and the Durham Veterans Administration Medical Cen-
ter and were potentially eligible to participate. These patients
were treated at home (58%) or in-center with maintenance
peritoneal or hemodialysis. Seventy patients (40%) were unable
to participate because they lived at distances greater than 50
miles from the training center; 54 patients (3 1%) were excluded
because of coexistent medical problems such as complicated
diabetes mellitus, neurologic deficits from cerebrovascular dis-
ease, symptomatic cardiovascular disease, or metabolic bone
disease. The remaining 50 patients (29%) were informed by
letter and personal contact that an exercise program for patients
on maintenance dialysis would be available without cost every
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afternoon at the Duke University Preventive Approach to
Cardiology (DUPAC) gymnasium. Of the 50 patients who were
contacted, 17 (34%) volunteered to enroll and 14 completed an
initial and final battery of psychological and treadmill tests.
Studies were approved by the Duke University and Durham
Veterans Administration clinical investigations committees.
Informed written consent was obtained from each participant.
All participants were assured of confidentiality.
These 14 patients were evaluated at entry and after 12 weeks
of exercise training. At these times, we determined the resting
heart rate and blood pressure (BP) in the sitting position, total
body weight, hematocrit, clinical chemistries, and the following
special tests.
Treadmill testing. Exercise tolerance and peak oxygen up-
take were performed on a motor driven treadmill using a
modified protocol of Balke and Wave [131. The treadmill speed
was set at 67 m/min (2.5 mph), and the grade increased 1%/mm
until the subject signified exhaustion. All patients were encour-
aged to exercise to their subjective limit of fatigue, at which the
test was terminated. Oxygen uptake was measured at each
stage. Ventilation was measured with a gasometer. Fractions of
expired oxygen (FEO2) and carbon dioxide (FECO2) were
obtained from a mixing chamber using an oxygen analyzer
(Applied Electrochemistry, Inc., Sunnyvale, California) and a
carbon dioxide (Beckman Instruments, Inc., Fullerton, Califor-
nia) analyzer. Oxygen uptake and carbon dioxide production
were calculated from the measurements of ventilation, FEO2
and FECO2 using standard formulas [l5J. R values and oxygen
pulse (V02 max/maximal heart rate) were also calculated. For
technical reasons, three of the 14 patients did not have expired
gas analysis. These patients only had treadmill testing to
evaluate their exercise performance.
Radionuclide angiography. Multigated radionuclide angio-
grams were recorded by labelling red blood cells in vivo with 30
mCi of technetium 99m. Radionuclide angiograms were ac-
quired using a mobile scintillation camera (L.E.M., Searle
Analytical, Chicago, Illinois) with a high sensitivity collimator
and hardware zoom, and an R-wave triggered gate interfaced to
a computer (Medical Data Systems, Ann Arbor, Michigan).
Studies were acquired in the histogram mode, in a 64 x 64
matrix of 24 frames each containing 125,000 counts. The
acquisition time was approximately 1.5 to 2 mm for each study.
Radionuclide angiograms were recorded at rest and during
graded exercise in the upright position on an isokinetic bicycle
ergometer. Exercise began at 25 watts work load; the work load
was increased by 25 watts each 3 mm. The cycling rate was
constant at 60 rpm. Exercise was continued until limited by
excessive fatigue [16].
The muitigated radionuclide studies were analyzed without
data processing. The left ventricular ejection fraction was
calculated using a varying region of interest technique. Regions
were assigned using an operator-assisted semiautomated edge-
detection. Analysis of counts in each region allowed the con-
struction of time-activity curves and the determination of
ejection fraction. End-diastole and end-systole were deter-
mined from the peaks and troughs of the time-activity curve,
respectively. The ejection fraction was estimated as the ratio of
the end-systolic to end-diastolic counts corrected for back-
ground activity.
Psychological testing. Psychologic tests were conducted
individually in a 1-week period preceding the onset of exercise
training and again in a 1-week period following the 3-month
program. Subjects were informed that the purpose of these tests
was to provide a comprehensive evaluation of their health
status. The tests included:
(1) The State-Trait Anxiety Inventory (STAI) [17] consists of
two 20-item subtests designed to assess state and trait anxiety.
State anxiety refers to the experience of anxiety and tension at
the moment the questionnaire is completed (that is, how the
subject feels "now"); trait anxiety refers to the general level of
anxiety (that is, how the subject "usually" feels).
(2) The Hopkins Symptom Checklist (SCL-90) is comprised
of 90 items, each rated on a five-point scale of distress from
"not at all" to "extremely." This instrument is scored on nine
primary symptom dimensions: somatization, obsessive compul-
sive behavior, interpersonal sensitivity, depression, anxiety,
hostility, phobic anxiety, paranoid ideation, and psychoticism.
In addition, three global indices of pathology are included; the
global severity index (GSI), a positive symptom distress index
(PSDI), and a positive symptom total (PST). The GSI combines
information on numbers of symptoms and intensity of distress;
the PSDI is a pure intensity measure; and the PST indicates the
number of symptoms only [181.
(3) The Vocabulary Subtest from the Wechsler Adult Intelli-
gence Scale (WAIS) was used as an overall measure of intellec-
tual functioning. It consists of 40 items arranged in increasing
levels of difficulty [19].
(4) The Digit Symbol Subtest from the Wechsler Adult
Intelligence Scale is a task in which the subject is required to
reproduce a series of geometric shapes corresponding to an
established sequence of numbers. A score is obtained based on
the number of correct items completed within a 90-sec time
limit [191.
(5) The Wechsier Memory Scale (Russell revision; [201) is a
test of verbal and figural memory which yields six separately
scored aspects of memory function (short and long-term verbal
memory, short and long-term figural memory, and verbal and
figural retention ratios).
(6) The Trail Making Test consists of two parts each contain-
ing 25 circles on the back of a single piece of paper. Part A has
circles numbered ito 25; Part B has 13 circles numbered 1 to 13
and 12 circles lettered A to L. In Part A, the circles are
connected in numerical order; in Part B the sequence alternates
between number and letter. Performance is measured as the
number of seconds needed to complete each task [21].
Training protocol. Exercise sessions were conducted five
times weekly in the DUPAC indoor gymnasium and were
supervised by a physician. Weight, heart rate, and BP were
measured at the start of each session. Patients were encouraged
to attend at least three times weekly. Each exercise session
consisted of bicycle ergometry, calisthenics, and walking or
jogging in an indoor track. Subjects exercised for is mm on a
bicycle ergometer, starting at a workload of 25 watts with
increments of a 12.5-watts workload every 3 weeks. The entire
group then participated in stretching exercises of their upper
and lower extremities followed by walking or jogging for 30 mm
around a 0.05-mile indoor track. Throughout these sessions,
each patient's heart rate was measured frequently, and all
patients were encouraged to reach a heart rate during exercise
of 75 to 80% of their maximal heart rate on the initial treadmill
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Table 1. Clinical characteristics of group I
Patient Age,
no. sex Cause of renal failure
Hypertension
Hypertension
Systemic lupus erythema-
tosis
4 30, M Chronic glomerulonephritis
5 25, M Chronic glomerulonephritis
Years on
dialysis Modality of dialysis
5.3 Center hemodialysis
3.2 Home hemodialysis
5.1 Continuous ambulatory
peritoneal dialysis
7.1 Home hemodialysis
5.4 Center hemodialysis
6.2 Continuous ambulatory
peritoneal dialysis
8.3 Home hemodialysis
Current medical problems
Morbid obesity; degenerativejoint disease of the hips
Cardiomyopathy; asymptomatic
ventricular tachycardia
Hypertension; esophagitis
Lower gastrointestinal bleeding
Hypertension; paroxysmal atrial
tachycardia: hyperpara-
thyroidism
Hypertension; esophagitis: car-
diomyopathy
Hypertension; transient ischemic
attacks; metastatic calcifica-
tions: symptomatic neuropa-
thy
Prazosin, 4 mg/day
Propranolol, 20 tng/dav
Clonidine, 0.1 mg/day
Prazosin, 4 mg/day
Table 2. Clinical characteristics of group 2
Years on
dialysis Modality of dialysis
3.2 Center hemodialysis
10.1 Home hemodialysis
1.1 Center hemodialysis
4.3 Continuous ambulatory
peritoneal dialysis
6.2 Center hemodialysis
2.1 Center hemodialysis
2.3 Center hemodialysis
Cardiomyopathy
Hypertension; neuropathy
Hypertension
Hypertension; obesity; degenerativejoint disease of hip
Hypertension; nephrogenic ascites;
cardiomyopathy
Chronic schizophrenia
Hypertension; depression
Minoxidil, 15 mg/day
Propranolol, /60 mg/day
Apresoline, 200 mg/day
Prazosin, 2 mg/day
Amitriptyline. /50 mg/day
Monoxidil, 2.5 mg/day
Propranolol, 360 mg/day
test. Of the patients on hemodialysis, six attended the exercise
sessions 2 hr after their morning dialysis treatment; the remain-
ing six hemodialysis patients attended on their nondialysis
days.
Statisticalmetlwds. For purposes of analysis, the 14 patients
were divided retrospectively into two groups based on their
compliance with the program: Group 1 attended more than half
of the training sessions, which averaged 3 hr of aerobic exercise
per week; group 2 attended fewer than half of the training
sessions. Attendance is expressed as the percent of all sessions
attended. Sessions were available for 5 days each week.
A two-way repeated measures multivariate analysis of vari-
ance (MAN OVA) was used to compare the effects of exercise
training on the patients who either attended or did not attend at
least half of the sessions (group effect), and on measurements
obtained within each group before and after exercise training
(time effect). A separate MANOVA was performed for each
psychological test in which multiple scores were obtained.
Logistic discriminant analysis models were used to compare
the two groups of patients on the basis of demographic and
hemodynamic parameters. The Wilcoxon Sign Rank test was
used to estimate if hemodynamic variables changed within each
group separately with time. The Wilcoxon Rank Sums test was
used to detect differences in hemodynamic measurements be-
tween the two groups.
Results
There were no adverse effects or medical complications
associated with either the testing procedures or the exercise
sessions. Of the 14 patients who enrolled in the program and
completed the testing, seven attended at least half of the
training sessions (mean, 63%; range, 55 to 75%). For purposes
of comparison, these patients are designated group 1; their
clinical characteristics are summarized in Table I. The other
seven patients (group 2) attended fewer than half of the training
sessions (mean, 23%; range, I to 38%) and are summarized in
Table 2. Discriminant analysis of several clinical (Tables I and
2) and demographic descriptors including age, sex, marital
status, employment status, and annual family income did not
reveal an overall difference between the groups (P = 0.17).
There were some specific differences, however. Group I had
more patients on home dialysis (P <0.025) and group I patients
had been receiving dialysis treatment for a slightly longer period
of time (5.6 vs. 4.2 years; P = 0.04). Patients in group I scored
significantly higher (42.71) than those in group 2 (32.42) on the
Vocabulary Subtest (P < 0.01). Comparisons of self-rated
I 51,F
2 55,M
3 55,F
Vascular medications
6 51,F
7 58,M
Hypertension
Chronic glomerulonephritis
Patient Age,
no. sex
8 53,F
9 32,M
10 39,M
II 57.F
(2 40,F
13 55,F
14 35,M
Cause of renal failure
Interstitial nephritis
Chronic glomerulone-
phritis
Hypertension
Hypertension
Hypertension
Membranoproliferative
glomerulonephritis
Membranoproliferative
glomerulonephritis
Concurrent medical problems Vascular medications
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perceived health status (1 = excellent; 2 = good; 3 = fair; 4 =
poor) were generally similar between the groups (2.6 vs. 2.5; P
= NS). The groups did not differ in their initial maximal work
capacity as estimated by peak performances on treadmill test-
ing, peak oxygen consumption, resting or exercise ejection
fraction, or initial hematocrits and resting BPs (Table 3; P =
0.35).
Although the demographic and initial hemodynamic data
were similar, the initial psychologic profiles of the two groups
differed significantly. As shown in Table 4, group 2 patients
who participated in fewer than half of the exercise sessions had
more impaired scores in measures of state and trait anxiety as
determined by the STAI, and anxiety, obsessive compulsive
behavior, depression, hostility, paranoid ideation, psychoti-
cism, global severity index, interpersonal sensitivity, and total
positive symptoms as determined by the SCL-90. Statistical
analysis at the completion of 3 months did not reveal any
changes in these measurements as a function of time or partici-
pation in exercise training.
With regard to training effects, group I patients increased
their peak treadmill performance by 2.36 METS (P = 0.007)
estimated from peak treadmill speed and grade, their peak
oxygen consumption by 6.5 mI/kg mm (P = 0.001), and their
oxygen pulse by 0.026 (P < 0.02). In contrast, group 2 patients
increased their peak treadmill performance by 1.1 METS (P <
0.04) without demonstrable changes in peak oxygen consump-
tion or oxygen pulse. There were no significant changes in left
ventricular ejection fraction. hematocrit, resting BP, total body
weight, or number of antihypertensive drugs in either group
when tested at the beginning and end of 12 weeks.
In view of the overall attrition rate in attendance, a stepwise
multiple regression was used to determine the best set of
predictors of compliance behavior. All psychological and phys-
iological variables measured at the time of entry into the
program were included as independent variables, while exercise
attendance served as the dependent variable. The results of the
analysis revealed that two variables, anxiety and hostility as
measured by the SCL-90, together accounted for more than
55% of the variance in attendance behavior (r = 0.74; P <
0.001). Other factors that correlated with attendance were years
on dialysis (r = 0.86) and scores on Part B of the Trail Making
Test (r = 0.92). Moreover, there was a strong linear correlation
between changes in peak treadmill performance (METS) and
attendance (r = 0.83).
Discussion
These data demonstrate that an exercise conditioning pro-
gram can produce objective benefits in selected patients under-
going maintenance dialysis, The group I patients who attended
more than half of the exercise training sessions over 12 weeks
improved their peak performance on a treadmill by 45%,peak
oxygen consumption on a treadmill by 42%, and peak oxygen
pulse by 23%. These changes were not attributable to improve-
ments in left ventricular function as assessed by the left
ventricular ejection fraction or in oxygen carrying capacity as
assessed by hematocrit. Although the mechanisms of improved
performance are not clear, we hypothesize that they may be
related primarily to enhanced oxidative capacity of skeletal
muscle. The increases in maximal work capacity were not
associated with any demonstrable changes in motivation or
mood as assessed by a broad range of psychologic tests.
At the time of enrollment, all patients showed markedly
impaired physical performance on treadmill testing even rela-
tive to patients with other chronic disorders such as ischemic
heart disease [8] or diabetes mellitus [221. The initial physical
performance values were in the range of those reported by
Goldberg et al [11] for a similarly selected population of patients
on hemodialysis who had initial maximal oxygen consumption
Table 3. Initial measurements in 14 patients who entered the exercise
conditioning program'
Table 4. Comparison of psychological test results for those who
attended at least half of the sessions (group 1) versus those who did
not (group 2)
Variable
Variable
Group
Mean
I
sr
Group
Mean
2
SD
METS 4.4 2.1 4.4 1.6
Peak oxygen
consumption,
mi/kg,nin 15.4 5.8 15.3 2.7
Oxygen pulse,
mi/kg 'beat 0.11 0.03 0.12 0.02
LVEF, rest 54% 13% 60% 18%
LVEF, exercise 62% 15% 67% 16%
Hematocrit 27% 4% 24% 6%
Systolic BP, mm 124 20 141 25
Diastolic BP, mm 71 16 83 II
Weight, kg 77.8 15.3 85.1 14
PVC's during treadmill
None = 0
Present = 1 0.28 0.48 0.28 0.48
Number of
Antihypertensive
drugs 0.42 0.78 0.85 0.89
Group I Group 2 P
STAI
Stait anxiety 31.8 39.0 0.029
Trait anxiety 31.2 42.3 0.0001
SCL-90
Somatization 0.54 0.90 NS
Obsessive compulsive 0.39 0.90 0.003
Interpersonal sensitivity 0.28 0.63 0.022
Depression 0.43 0.63 0.032
Anxiety 0.11 0.66 0.000l
Hostility 0.13 0.46 0.004
Paranoid ideation 0.31 0.66 0.015
Psychoticism 0.16 0.51 0.009
Global severity index 0.31 0.74 0.002
Positive symptom total 21.1 40.0 0.002
Cognitive test function
Trails A, seconds 47.4 51.8 NS
Trails B. seconds 139 143.4 NS
Digit symbol 39.9 34.5 NS
Short-term semantic memory 3.3 3.7 NS
Long-term semantic memory 3.4 3.8 NS
Short-term figural memory 1.8 2.5 NS
Phobic anxiety 0.07 0.31 NS
Abbreviations: METS, energy units derived from treadmill perform-
ance [141; LVEF, left ventricular ejection fraction; PVC, premature
ventricular contraction.
There were no significant differences between the two groups by
logistic discriminant analysis of each variable.
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rates of 18,1 3.7 ml O2Ikg mm or about 5.2 METS relative to
our patients who had initial peak oxygen consumption rates of
15.3 4.2 ml 021kg mm or about 4.4 METS. In the present
study, the marked impairments in work capacity were not
attributable to impaired contractile performance of the heart as
assessed by the left ventricular ejection fraction since 12 of the
14 patients had normal resting ejection fractions and normal
increases with exercise.
Unlike Goldberg et al Ill], we did not observe any improve-
ment in hematocrits in response to exercise training. We
assume that this is related to the shorter duration of our study
relative to the average of 9 months used by Goldberg et al [II].
The initial hematocrit values were also higher in our patients (27
4% vs. 21.7 1.7%) than in those studied previously [11]. It
should also be noted that Goldberg et al [II] observed improved
hematocrit values only in male patients who represented five of
their six subjects. Seven of our 14 patients were male but even
when evaluated as a separate group, there was no change in
hematocrit. Also in contrast to Goldberg et al [I 1J, no improve-
ment in BP control occurred in our patients.
Although 14 patients entered the program and maintained
sufficient involvement to provide test results at the beginning
and end of the 12-week period, only seven patients attended
sessions with enough regularity to induce physiologic training
effects. Those who did not attend regularly had a slight but
significant improvement in their maximal subjective treadmill
performance without changes in maximal oxygen consumption
or oxygen pulse. This effect could be attributable to whatever
degree of training did occur even with limited attendance or to
increased familiarity with the testing procedures, that is, a
learning effect of re-testing.
Despite the objective improvements in work capacity in the
regular participants, the overall impact of the exercise condi-
tioning program on our dialysis population was diminished by
limited participation. Forty percent of the maintenance dialysis
population could not participate largely because of distances
between their residences and the exercise facility. In this
regard, it should be noted that a high proportion of our patients
(58%) are dialyzed at home. An additional 31% could not
participate because of poor health (for example, stroke, major
orthopedic problems, and so forth), and another 21% did not
volunteer, Thus, our sample of 8% of the initial dialysis
population or 34% of the invited group represented a highly
selected group of patients, and only half of this group attended
the daily exercise sessions regularly.
Of those who volunteered, psychological factors appear to
play a central role in either determining or predicting compli-
ance, Patients who attended fewer than half of the sessions
were more impaired in terms of their scores on the personality
tests. Specifically, those individuals with high levels of distress
seem more vulnerable to dropping out of the program. From
another point of view, our observations may indicate that
impaired performance on psychological testing, especially for
anxiety and hostility, is sufficiently predictive of poor compli-
ance that patients with test scores in this range will need to
direct attention to these symptoms prior to or in association
with any efforts at providing exercise conditioning.
The question arises as to which of the psychological profiles
summarized in Table 4 might be more representative of the
broader population of patients on maintenance dialysis. In this
regard, McKee et al [23] applied similar psychologic tests to
patients on maintenance hemodialysis. Their population was
similarly selected to exclude those with coexistent incapacitat-
ing illnesses other than chronic renal failure and was derived
from the same area of North Carolina as the present study. The
patients in our noncompliant group (group 2; Table 4) per-
formed at a level that is impaired and corresponds in general
with that of the 15 patients tested by McKee et al [23]. This
suggests that the patients in our noncompliant group are repre-
sentative of the larger population on maintenance dialysis. On
the other hand, the patients who persisted in our training
program had better scores on the psychological tests. We
believe that this was an important feature in determining their
participation and thus their resultant improvements in work
capacity. That is, patients who were psychologically better
adjusted, participated more actively. The present program was
not of sufficient duration or intensity to address adequately the
question of whether or not participation might improve the
results of psychologic testing [12].
We have observed that a 12-week program of exercise
conditioning can dramatically improve the work capacity of
patients on dialysis, but our experience suggests that such
programs may be applicable only to a portion of patients on
maintenance dialysis. The overall impact of this type of pro-
gram may be limited by a low rate of sustained participation that
seems related primarily to the psychologic abnormalities that
are prevalent in the dialysis population. In this regard, the
psychologic profile of patients prior to enrollment in an exercise
conditioning program may be useful in identifying those who
might have higher likelihood of sustained participation.
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